The auditory middle-latency response (AMLR) is a sequence of negative-positive waves occurring 12-50 ms after the onset of an auditory stimulus presented at rates of 10/s or less. When the rate of stimulus presentation is increased to approximately 40/s, overlapping of the AMLRs results in a sustained, nearly sinusoidal wave, called the "40-Hz auditory steady-state response" (40~Hz ASSR). The AMLR and 40-Hz ASSR have been used to study the effects of general anesthetics on the brain. The primary aim of this investigation was to determine whether the effects of a general anesthetic, namely enflurane, on the 40-Hz ASSR can be predicted from its effects on the AMLR. A secondary aim was to examine the relationship between the level of consciousness and the 40-l+ ASSR during emergence from anesthesia. Twelve ASA class I-II women undergoing reduction mammoplasty were tested. Anesthesia was induced with fentanyl (3 pg/kg) and thiopental (3-5 mg/kg) intravenously and was maintained with enflurane (0.5%, OS%, or 1.1% endtidal; four patients per concentration; random assignment) in N,O (66% end-tidal), along with fentanyl (1 pg/kg as needed). The 40-Hz ASSR and AMLR were recorded before induction and during anesthesia and surgery. The 40-Hz ASSR was also recorded during emergence. The amplitude of the 4OHz ASSR was reduced profoundly during anesthesia and surgery (P < 0.001). The attenuation was not dose-dependent, and was much more pronounced than predicted by the effects of enflurane on the AMLR. The 40-Hz ASSR during anesthesia was surprisingly large (0.09 and 0.11 PV) in two patients, both of the 1.1% enflurane group. The regaining of the ability to follow verbal commands was associated with a significant (P < 0.001) increase in the amplitude of the 40-Hz ASSR. We conclude that, although auditory neurons remain capable of responding at a slow stimulus rate during enflurane-NzO anesthesia, their ability to be driven at a faster stimulus rate is markedly curtailed. The 40-Hz ASSR may be useful for detecting unintentional intraoperative awareness because the return of consciousness is associated with a clear increase in amplitude.
The auditory middle-latency response (AMLR) is a sequence of negative-positive waves occurring 12-50 ms after the onset of an auditory stimulus presented at rates of 10/s or less. When the rate of stimulus presentation is increased to approximately 40/s, overlapping of the AMLRs results in a sustained, nearly sinusoidal wave, called the "40-Hz auditory steady-state response" (40~Hz ASSR). The AMLR and 40-Hz ASSR have been used to study the effects of general anesthetics on the brain. The primary aim of this investigation was to determine whether the effects of a general anesthetic, namely enflurane, on the 40-Hz ASSR can be predicted from its effects on the AMLR. A secondary aim was to examine the relationship between the level of consciousness and the 40-l+ ASSR during emergence from anesthesia. Twelve ASA class I-II women undergoing reduction mammoplasty were tested. Anesthesia was induced with fentanyl (3 pg/kg) and thiopental (3-5 mg/kg) intravenously and was maintained with enflurane (0.5%, OS%, or 1.1% endtidal; four patients per concentration; random assignment) in N,O (66% end-tidal), along with fentanyl (1 pg/kg as needed). The 40-Hz ASSR and AMLR were recorded before induction and during anesthesia and surgery. The 40-Hz ASSR was also recorded during emergence. The amplitude of the 4OHz ASSR was reduced profoundly during anesthesia and surgery (P < 0.001). The attenuation was not dose-dependent, and was much more pronounced than predicted by the effects of enflurane on the AMLR. The 40-Hz ASSR during anesthesia was surprisingly large (0.09 and 0.11 PV) in two patients, both of the 1.1% enflurane group. The regaining of the ability to follow verbal commands was associated with a significant (P < 0.001) increase in the amplitude of the 40-Hz ASSR. We conclude that, although auditory neurons remain capable of responding at a slow stimulus rate during enflurane-NzO anesthesia, their ability to be driven at a faster stimulus rate is markedly curtailed. The 40-Hz ASSR may be useful for detecting unintentional intraoperative awareness because the return of consciousness is associated with a clear increase in amplitude. (Anesth Analg 1996; 82:75-83) T he auditory middle-latency response (AMLR) (1) and the 40-Hz auditory steady-state response (40-Hz ASSR) (2-4) have been used to assess the effects of general anesthetics on the brain. Both responses are auditory evoked potentials, i.e., changes of the electrical activity of the brain caused by auditory stimuli. Waves Pa and Nb of the AMLR show graded changes (increased latency and decreased amplitude) which are proportional to the concentration of the anesthetics (5). Concentration-effect relationships are not yet available for the 40-Hz ASSR but we have shown that the 40-Hz ASSR is maximally attenuated (noise levels) during anesthesia with isoflurane (0.6% in 60% N,O or 0.5%-1.0% in oxygen) (3). The attenuation of the 40-Hz ASSR by as little as 0.5% end-tidal isoflurane (after equilibration) indicates that the 40-Hz ASSR is very sensitive to anesthetics. This profound attenuation of the 40-Hz ASSR may also be a reflection of unconsciousness because the sudden reappearance of the 40-Hz ASSR occurred shortly before or concurrently with the return of responsiveness to verbal commands.
There is evidence that the AMLR and 40-Hz ASSR share a common neural generator in the primary auditory cortex (6). (8) (9) (10) . This, however, does not apply to sleep because the attenuation of the 40-Hz ASSR during sleep is more pronounced than predicted by the superimposition of the AMLR (10). The prediction likewise probably does not hold true during anesthesia. Isoflurane (0.5%-1.0%) completely suppresses the amplitude of the 40-Hz ASSR (3), despite the persistence of the AMLR during anesthesia with isoflurane (0.61%-1.60%) (11). This, however, has never been demonstrated because the 40-Hz ASSR and the AMLR have never been recorded together in the same anesthetized patients.
Demonstrating that anesthetics attenuate the 40-Hz ASSR more than the AMLR would indicate that more attention needs to be given to the frequencydependent property (12) of anesthetic action. Because endogenous "40 Hz"' oscillations are believed to play a role in consciousness and cognition (131, it would be particularly interesting to determine whether a concentration of anesthetics just sufficient to produce unconsciousness causes frequency-dependent blocks in the 40-Hz range. Another motive for comparing the effects of anesthetics on the 40-Hz ASSR and AMLR is that the AMLR has been used recently to study 40-Hz brain activity (14) because part of the energy content of the AMLR lies in the 40-Hz range. If both the AMLR or 40-Hz ASSR are used for studying the effects of anesthetics on 40-Hz brain activity, it is imperative to determine whether both responses are similarly affected by general anesthetics. Accordingly, the primary aim of this project was to determine whether the effects of a general anesthetic on the 40-Hz ASSR can be predicted from its effects on the AMLR when both measures are recorded from the same patients during the same session. Because the effects of isoflurane on the 40-Hz ASSR have already been studied, we have chosen enflurane for this study, expecting that its effect on the 40-Hz ASSR would be similar to that of isoflurane. A secondary aim was to ' No premeditation was given. Fentany13 pg/kg was given 5 min before induction. Anesthesia was induced with thiopental 3-5 mg/kg. After loss of responsiveness to verbal commands, vecuronium 0.08 mg/kg was used for tracheal intubation. The lungs were mechanically ventilated to maintain an end-tidal partial pressure of carbon dioxide between 30-35 mm Hg. Anesthesia was maintained with nitrous oxide (66% end-tidal [ET] ) and enflurane (0.5%, O.S%, or 1.1% ET, four patients per concentration, random assignment) along with fentanyl 1.0 pg/kg as needed. The additional fentanyl was given early to avoid administration during the study period or immediately before. Indeed, no patient required fentanyl during the study period as well as within the preceding 15 min. Before skin incision, the surgeon infiltrated the breasts with a solution f-100-150 mL) of lidocaine 2.5 mg/mL and epinephrine 2.5 pg/mL. The anesthesiologist in charge of the patient was free to give additional vecuronium 0.01 mg/kg, but had to maintain at least two twitches on the train-of-four (left ulnar nerve at the wrist).
The nasopharyngeal temperature was monitored continuously and remained above 35.5"C. Neostigmine 40 pg/kg and glycopyrrolate 10 pg/kg were given to reverse muscular paralysis 10 min before the end of surgery. The patients were interviewed by telephone 4-8 wk after the operation to inquire about intraoperative awareness. They were asked to describe their recollections of the immediate pre-and postoperative period, and to indicate whether they (during anesthesia and surgery, after having kept the ET concentration of enflurane and nitrous oxide stable for at least 15 min); emergence, defined as a 5-min period after return of the ability to open eyes on command. Whenever possible, we also obtained recordings during preemergence, defined as the interval between the first sign of arousal (cough or movement) and the return of the ability to open the eyes on command. Adequate preemergence recordings could be obtained in only 6 of the 12 patients; excessive movement artifacts prevented recording in the other 6 patients. Recordings were also obtained 1 min after giving fentany13 pg/kg before induction.
The AMLR was recorded during preinduction and enflurane N,O. For each enflurane concentration, the 40-Hz ASSR was recorded before the AMLR in two of four patients; the order was reversed for the remaining two patients.
The 40-Hz ASSR stimuli were 500 Hz tonebursts (15 ms duration, 5 ms rise/fall time, 90 dB peSPL) delivered binaurally at a rate of 40/s via insert earphones (Etymotic Research, ER3A).
The electroencephalogram (EEG) was recorded from the vertex (C,) (15) with gold-plated cup electrodes attached with saline gel and collodion. The reference electrode was on the right mastoid (M2). Impedances were kept below 3 kQ (10 Hz). The amplification bandpass 0.3-100 Hz (half amplitude cutoffs, -20 dB per decade roll-off, Grass Model P511K amplifiers; Grass Instrument Co., Quincy, MA). The analog-to-digital (AD) sampling rate was 287.4 Hz with a 3563-ms epoch (1024 data points). AD resolution was 12 bits. Epochs contaminated by excessive artifacts were rejected. The rejection criterion was 10% or more data points exceeding 587.5 pV. Epochs were averaged by groups of 80-100.
Amplitude (baseline-to-peak) and phase (cosine function) at 40 Hz were obtained by Fast Fourier Transform (FFT) (rectangular window) (16). The AMLR variables for recording were the same as for the 40-Hz ASSR except for the following:
The rate of stimulus delivery was 2.9/s. The bandpass was 3-1000 Hz. However, the AMLR traces used for predicting the 40-Hz ASSR were recorded on a second channel with a bandpass of 0.3-100 Hz. The AD sampling rate was 7407 Hz with an epoch of 138.2 ms (including a 1 0-ms prestimulus baseline). Epochs were averaged by groups of 1000. Duplicate or triplicate recordings were obtained to confirm the reliability of the data.
The replicated recordings for AMLR were averaged for each patient and period. The resulting waveform was digitally filtered 3-400 Hz. For the preinduction recordings, wave Pa was identified as the most prominent positive deflection occurring 19-29 ms after stimulus, and wave Nb as the most prominent negative deflection occurring 29-43 ms after stimulus. We followed the practice of Thornton et al. (17) of measuring the peak amplitude relative to the peaks preceding and following the measured peak. Accordingly, the peak amplitude of Pa was measured relative to (ANa + A,)/2 where A denotes the peak amplitude. Likewise, the amplitude of Nb was measured relative to (An, + A&/2.
For the recordings obtained during anesthesia, Pa was identified as the most prominent positive deflection occurring after 19 ms; Nb, as the most prominent negative deflection occurring after 29 ms and after Pa.
For each patient and period the AMLR waveform recorded with the 0.3-100 Hz bandpass was used because this is the bandpass used for recording the 40-Hz ASSR. Residual low frequency noise below 3 Hz was removed with a non-phase-shift FFT digital filter. The number of data points was reduced from 1024 to 64 by keeping only the first, seventeenth, thirty-third, . . . data points. The data points corresponding to time (-10.00, -7.84, -5.68, and 3.52 ms) before stimulus were deleted. The resulting time series had 59 data points (a,, a,, . . . a,,) corresponding to time (-1.36, 0.80, 2.96, , . . 126.08 ms) relative to stimulus onset. After cubic spline interpolation (161, the expected values at t = 0.0,2.5, 5.0, 7.5, . . . 125 ms were computed, resulting in a time series of 51 data points.
To avoid discontinuities in the superimposition process, it was necessary to set to zero the first and last data points of the AMLR waveform. This is a property of the ideal transient waveform.
This was achieved by detrending the AMLR waveform by adding to the waveform a line passing by the following coordinates: (0, -a,) and (125, -a4& a, and aJ9 being the amplitude of the first and last points. A sequence of two detrended AMLR waveforms was then created to obtain a time series of 100 points starting at time 0 and ending at time 250 ms (Figure 1 stable segment (loo-250 ms) of the summated waveform (Figure 1, f) . Amplitude, latency, or phase data were subjected to analysis of variance (ANOVA) with one betweensubjects factor (enflurane concentration) and one within-subjects (repeated) factor (recording period). Repeated-measures ANOVAs were also used to compare the predicted versus observed 40-Hz ASSR amplitudes. An a priori orthogonal contrast with the F statistic was used to compare the 0.5% vs 1.1% enflurane data during anesthesia and surgery only. The Rayleigh test for phase coherence (18) was used to determine whether the 40-Hz ASSR could be distinguished reliably from background noise. The Pearson product-moment correlation coefficient was used to further compare the predicted 40-Hz ASSR with the observed 40-Hz ASSR. To reduce the risk of spurious significance, the criterion for significance was P < 0.01. All tests yielding P < 0.05 are nevertheless indicated. Except for phase coherence, all procedures were performed with CSS: STATISTICATM (version 3.1 for IBMTM compatible personal computers) (StatSoft Inc., Tulsa, OK).
Results
Effects of Enjkrane-N,O on the 40-Hz ASSR and on the AMLR
The results for the 40-Hz ASSR and for the AMLR are shown in Tables 1 and 2 . The amplitude of the 40-Hz ASSR was markedly reduced during anesthesia and surgery for the three enflurane concentrations (P < 0.001). Two patients of the 1.1% enflurane group had an unexpectedly large 40-Hz ASSR during anesthesia and surgery (0.09 and 0.11 pV>. We reexamined the original data to search for technical or clerical errors: none was found. There was no change in the phase of the 40-Hz ASSR. The Rayleigh test indicated that during both preinduction and anesthesia and surgery, the phase was similar across the 12 patients (P < 0.01) (i.e., phase coherence was present). This indicates that the 40-Hz ASSR is not abolished despite the profound attenuation. Figure 2 shows the amplitude spectra of the 40-Hz ASSR based on grand-average waveforms (four patients per waveform). The 40-Hz ASSR is markedly reduced during anesthesia and for the three enflurane concentrations. The response is reduced to noise level for the 0.5% and 0.8% groups, but there is a small 40-Hz peak for the 1.1% group. A small 40-Hz peak could be identified by inspection of the individual spectra of the 1.1% enflurane groups in three patients, including the two patients mentioned in the paragraph above. The 1.1% group also shows higher amplitudes than the other two groups in the range O-30 The results for the AMLR can be summarized as follows (Figure 3 ): The latency of Pa was significantly increased (P < 0.001) during anesthesia and the amplitude of Pa was significantly (P < 0.005) smaller during anesthesia. The latency of Nb was significantly increased during anesthesia (P < 0.001). This effect was more pronounced for the 1.1% group than for the 0.5% group (P < 0.005). The amplitude of Nb was smaller (P < 0.005) during anesthesia.
Predicted Versus Observed 40-Hz ASSR
The amplitude of the predicted 40-Hz ASSR during preinduction was 0.42 (0.16-0.85), 0.31 (0.12-0.531, and 0.40 (0.22-0.75) pV, mean (range) for the 0.5%, 0.8%, and 1.1% enflurane groups, respectively. The predicted amplitude of the 40-Hz ASSR for all patients approached the observed value (0.38 PV versus 0.41 pV, respectively). There was, however, no significant correlation between the predicted and observed 40-Hz ASSR amplitude across patients (Y = 0.08, P = 0.80) (Figure 4 ). Two subjects with a large (>0.60 PV) predicted amplitude resulted in a very low correlation coefficient. Without these two subjects, the correlation coefficient is 0.48 (P = 0.16).
The amplitude of the predicted 40-Hz ASSR during enflurane-N,O was 0.24 (0.13-0.28), 0.21 (0.16-0.26), and 0.26 (0.20-0.30) pV, mean (range), for the 0.5%, 0.8%, and 1.1% enflurane groups, respectively. The predicted 40-Hz ASSR was significantly larger than the observed 40-Hz ASSR (P < 10-5). The predicted 40-Hz ASSR during enflurane-N,O was smaller than during preinduction, but the difference did not reach significance.
Effects of Fentanyl During Preinduction
The amplitude of the 40-Hz ASSR was slightly larger after fentanyl, but the difference did not reach significance. The amplitude in mean (SD) 0.35) pV, mean (range), for the 0.5%, O.B%, and 1.1% enflurane groups, respectively. The amplitude during emergence was significantly larger (P < 0.005, ANOVA) than during enflurane-N,O.
The grand average spectral waveforms (four patients per waveform) during emergence are shown in Figure 2 .
Adequate preemergence recordings could be obtained in six patients (three from the 0.5% group, two from the l.l%, and one from the 0.8% group). Movement artifacts prevented recording with the other patients. The results are shown in Figure 5 and indicate that the increase in the 40-Hz ASSR occurred predominantly from preemergence to emergence. during surgical anesthesia that, except for the enflurane 1.1% group, it is no longer visible on the amplitude spectra (Figure 2 ). The preservation of phase coherence, however, indicates that the 40-Hz ASSR was not abolished by enflurane. This confirms previous observations of the effects of general anesthetics on the 40-Hz ASSR (19, 20) . Despite the severe attenuation by enflurane, the amplitude of the 40-Hz ASSR was surprisingly large in two patients of the 1.1% enflurane group. Enflurane has known excitatory effects at concentrations of more than 2.5% (21,221. Whether N,O (60%) was present had no influence on the EEG patterns (21). During deep enflurane anesthesia, auditory stimulation initiates EEG seizures (22). It is possible that the reappearance of a small 40-Hz ASSR peak under enflurane 1.1% is a very early sign of increased central nervous system irritability induced by enflurane. In this case, we would predict that increasing the concentration of enflurane would further augment the amplitude of the 40-Hz ASSR. To explore this possibility, we have examined the effect of enflurane 1.4% ET in nitrous oxide 66% ET with three additional patients undergoing reduction mammoplasty and tested in a manner otherwise similar to that already described.
The 40-Hz ASSR was reduced to noise (mean amplitude 0.03 PV) level during enflurane-N,O in all three patients. Therefore, we have no explanation for the higher 40-Hz ASSR amplitude in the enflurane 1 .l% group.
Enflurane-N,O increased the latency of wave Nb in a concentration-dependent manner, as indicated by the significant difference between the 0.5% versus 1.1% groups (Table 2 ) and in accordance with prior observations (23). There was a similar tendency for wave Pa, but the planned comparison between the 0.5% and 1.1% groups did not approach significance. We were, therefore, surprised that the effect of enflurane concentration approached significance (P < 0.05). This discrepancy can be explained by the larger mean value for preinduction latency for the 1 .l % group. We conclude that there was no significant effect of concentration for the latency of Pa, probably because the concentration range in our study was more restricted than that used by (23). The amplitude of waves Pa and Nb was attenuated by 50% or more by enflurane-N,O. This is in agreement with observations by Thornton et al. (23) . Contrary to their study, however, we did not find that concentration influenced the effect of enflurane on the amplitude of Pa and Nb. A possible explanation is that our recordings were obtained during anesthesia and surgery, whereas those of Thornton et al. (23) were obtained before surgery. Thornton et al. (24) found that surgical stimulation during halothane-N,O anesthesia increased the amplitude of wave Nb and Pb.
Although the surgical stimulation in the present study was probably less intense than that of Thornton et al., it nevertheless represented substantial noxious stimulation. It is also possible that the range of concentration in our study was not sufficient to demonstrate concentration effects on amplitude. The attenuation of the 40-Hz ASSR cannot reasonably be attributed to thiopental given for induction because the recordings were obtained at least 45 min after induction, allowing ample time for the effects of thiopental to become negligible. Likewise, the attenuation cannot be ascribed easily to fentanyl, because low-dose fentanyl does not attenuate the amplitude of the 40-Hz ASSR, and because no fentanyl was given during the recording period or during the preceding 15 min. The remote possibility of an interaction between fentanyl and enflurane cannot be excluded.
Predicted Versus Observed 40-Hz ASSR
The mean predicted 40-Hz ASSR amplitude during preinduction was very close to the observed mean amplitude, but there was no correlation across subjects between the observed and predicted amplitude. Suzuki et al. (10) reported a good correlation between predicted and observed amplitude of the 40-Hz ASSR for their awake subjects. There are differences between our method of superimposition and Suzuki's. They considered only the first 75 ms of the AMLR (instead of 125 ms) thereby assuming that no activity occurs after 75 ms. They also probably used a 30-Hz highpass digital filter on the AMLR. We tried this approach but the correlation between observed and predicted values was only marginally improved. We, therefore, did not report the results obtained with Suzuki et al.'s approach. Suzuki et al. tested their subjects in a sound-proof, electrically shielded room and averaged 4096 epochs per subject. Our recordings were obtained in the operating room, and we averaged approximately 2500 epochs per subject for baseline recordings. Our data must contain more residual noise than those of Suzuki et al. and that may explain why we could not demonstrate a correlation. Another explanation is that the AMLR shows pronounced variability between subjects in the 40-to 100-ms range (25, 26) . To what extent is it possible to predict the steady-state response from the transient response is a question that requires further evaluation.
The attenuation of the 40-Hz ASSR was much more pronounced than one would predict from the effects of enflurane-N,O on the AMLR. The predicted attenuation of the 40-Hz ASSR is less than 50%. Even if one argues that we cannot rely on the predicted values during surgery and anesthesia because we failed to demonstrate a correlation between observed and predicted values for preinduction recordings, we think that we could still conclude that the amplitude of the 40-Hz ASSR is much more attenuated than that of waves Pa and Nb. The 40-Hz ASSR was attenuated by 88% for all patients whereas Pa and Nb were attenuated by 51% and 60%, respectively.
There are many ways to explain the discrepancy between the observed and predicted 40-Hz ASSR amplitude during surgery and anesthesia. The most plausible explanation for the complete abolition of the amplitude of the 40-Hz ASSR (with 0.5% and 0.8% enflurane) is an increase in the refractory period of the system. With fast stimulus rates, individual stimuli no longer evoke a response on a 1:l basis. Based on this hypothesis, one would predict that stimulation at 40 Hz could result in a response at a lower frequency. For example, if only every other third stimulus produces a potential change, there should be increased energy at 13.33 Hz. Had we also obtained recordings without stimulus during anesthesia it would have been possible to determine whether stimulation at 40 Hz results in increased energy at a lower frequency. This is certainly something to examine in a future experiment.
Increase in refractory period does not account, however, for the persistence of a small 40-Hz ASSR (observed with 1.1% enflurane). In this case, we must conclude the individual stimuli delivered at the rate of 40 Hz evoked potential changes on a 1:l basis, but that the amplitude of the changes is smaller than with slower stimulus rates. As noted above, we are at a loss to explain why this occurred only with the 1.1% concentration.
Emergence and Preemergence
The 40-Hz ASSR was noticeably larger during emergence compared with enflurane-N,O. The recovery of the 40-Hz ASSR during emergence (Figure 2 ) may reflect the regaining of responsiveness to verbal commands. The recordings obtained during the transition from preemergence to emergence support this contention. Although based on only six patients, the results ( Figure 5 ) suggest that the 40-Hz ASSR remains markedly attenuated until the patient regains the ability to respond to verbal command. The transition from preemergence to emergence should be examined in more detail in a larger series of patients.
The recovery of the 40-Hz ASSR during emergence is not caused by increased muscle activity. Despite the spectral overlap between EEG and muscular activity (27), the 40-Hz ASSR can be dissociated from background noise with phase coherence analysis. By contrast, it is difficult, and perhaps impossible, to assess the contribution of increased muscle activity for most EEG changes observed during emergence from anesthesia (28,291. Indeed, many of the changes can be accounted for by increased muscle activity, with the exception of decreased total power. It is therefore difficult to predict the EEG events that would accompany the regaining of consciousness in a pharmacologically paralyzed patient.
Failure to obtain adequate recordings during preemergence in six patients does not constitute a weakness of the 40-Hz ASSR. Preemergence is often associated with many artifacts caused by increased muscle tone and movements. These artifacts often make recording impossible during preemergence. They would not occur in a patient regaining consciousness while paralyzed with neuromuscular blockers (30).
In conclusion, the 40-Hz ASSR is markedly attenuated by enflurane 0.5%, 0.8%, or 1.1% in 60% nitrous oxide (ET concentration) but is paradoxically slightly larger in the 1.1% enflurane group. Attenuation of the 40-Hz ASSR by enflurane-N,O is much more severe than one would predict from the effect of enflurane-N,O on the AMLR. Although auditory neurons remain capable of responding at a slow stimulus rate during anesthesia with enflurane-N,O, their ability to be driven at a faster stimulus rate is markedly curtailed. This may constitute an important aspect of anesthetic action. The increase in the amplitude of the 40-Hz ASSR, seen during emergence from anesthesia, likely reflects the regaining of consciousness, defined as responsiveness to verbal commands, rather than nonspecific arousal revealed by coughing or purposeless movements. 
